ABSTRACT:This experiment was conducted to evaluate the influence of different sources of Cr on growth performance, economical efficiency and blood constituents in heat-stressed Japanese quails. A total of 280 Japanese quails at 2 weeks of age were distributed into four groups with seven replicates (10 in each). The quails were kept under heat stress conditions (34.1 ºC temperature and 41.7% relative humidity) during the day light between 14 and 49 days of age. The first group fed basal diet without supplementation and saved as control group, while the 2 nd , 3 rd and 4 th groups were fed basal diet supplemented with 200 ppm/kg diet of Cr chloride (CrCl3), chromium yeast (Cr-Yeast) or chromium picolinate (Cr-Pic), respectively. Body weight and feed intake were recorded. Body weight gain, feed conversion ratio, production index and economical efficiency were calculated. The results showed that chromium supplementation improved BWG, FCR, carcass percentage, economical efficiency, production index, nutrient digestibility and antioxidant properties and decreased abdominal fat. Fed Japanese quails on diet supplemented with Cr-Pic resulted in the greatest BWG, FCR, economical efficiency and production index followed by those fed basal diet supplemented with Cr-yeast then CrCl3. Chromium administration significantly reduced plasma glucose, triglycerides, total cholesterol and LDL and increased HDL. Plasma total protein levels increased due to inclusion of Cr-Pic or Cr-Yeast into chick diets. Different sources of Cr supplementation significantly increased Lymphocytes and decreased Heterophile /Lymphocytes ratio than the control group. It can be concluded that chromium (either organic or inorganic) supplementation to diet had a beneficial effect on productive performance, economical efficiency and production index of Japanese quails. However, Japanese quails on diet supplemented with Cr-Pic resulted in the greatest productive performance, economical efficiency and production index followed by those fed basal diet supplemented with Cr-yeast then CrCl3.
INTRODUCTION
Breeding of quail has rapidly increased in the last years. The quail has become a chicken competitor as a source of animal protein (Jaap, 1964) . The low ability of poultry to withstand heat stress (HS) is a major problem in tropic and subtropics regions. The high temperature in Egypt during the summer lead to some of behavioral and physiological responses in birds (Faisal et al., 2008) . Heat stress can decrease the feed intake (FI), body weight gain (BWG) and feed conversion ratio (FCR) (Habibian et al., 2016) and meat yield (Zhang et al., 2012 and Zeferino et al., 2016) ; and reducing the secretion of digestive enzymes as well as absorption of nutrients (Liu et al., 2016) . Some ways are reported to reduce the negative effects of HS, including environmental, nutritional management and feed additives such as vitamins C, E and chromium (Cr) (Attia et al., 2011 , Khan et al., 2012 . Chromium is an essential for the natural metabolism of carbohydrates, fats and proteins in animals (Pechova and Pavlata, 2007) . Also, chromium is essential for glucose metabolism and configure glucose tolerance factor, which works with insulin to transfer glucose to cells and increase the use of glucose (El-Hommosany, 2008) Many studies support Cr supplementation in the poultry diet to improve performances during HS (Sahin et al., 2002a and Moeini et al., 2011) . Inclusion of chromium in broiler diets reduces the negative effects of stress and enhances immunity (Ebrahimzadeh et al., 2012) , BWG, FCR (Toghyani et al., 2006) and carcass characteristics (Toghyani et al., 2012) . Also, Inclusion of chromium picolinate (Cr-Pic) in diet lead to improve the production performance of broilers fed low protein diets (Khan et al., 2014) . Most poultry feedstuffs are composed of plant sources, which are limited in Cr contented (Giri et al., 1990) . Moreover, ElHommosany (2008) observed that addition of Cr in Japanese quail diet increased FI, body weight (BW) as well as improved FCR and carcass traits. Also, Sahin et al. (2010) described that Cr-Pic supplementation to Japanese quail diets resulted in better FI, FCR and BWG compared to control. Organic Cr are over than ten times higher bio-available than inorganic Cr (Lyons, 1994) . Chromium propionate is an organic Cr absorbed with higher efficiently than some other organic Cr sources (Clodfelder et al., 2004) . Therefore, the aim of this work was to study the influence of different sources of Cr on growth performance, blood constituents, dressing percentages during growing period of Japanese quail under heat stress conditions. MATERIAL AND METHODS The present study was carried out at Poultry Experimental Station, Faculty of Agriculture, New Valley University, during the period from Mid of April to June 2018. Two hundred and eighty of unsexed oneday-old Japanese quails were randomly distributed into 4 experimental groups (70 birds/group), with seven replicates (10 birds / replicate) and were kept in floor pens until 2 weeks of age. All birds were wing banded and housed in wire cages (40×50×25 cm). The ambient temperatures and relative humidity were recorded daily inside the pen at experimental sites at 09:00 am, 12:00 pm, 3:00 pm and 6:00 pm throughout the study period (Table 1) . Quail were fed basal diets and were supplemented with the following treatments: The 1 st treatment group was saved as control and fed basal diet without addition, while the 2 nd , 3 rd and 4 th groups were fed basal diet supplemented with 200 ppm/kg diet of Cr chloride (CrCl3), chromium yeast (CrYeast) or chromium picolinate (Cr-Pic), respectively. All quail were fed the experimental diets from 14 to 49 days of age. Feed and water were provided ad libitum to birds at all times. The birds were kept under the same environmental and managerial conditions. The light regime used was about 16 h /day (artificial light). Basal diet was formulated according to NRC (1994) as presented in Table 2 . Quails were weighed individually at regularly intervals to calculate body weight gain (BWG). Feed intake (FI) was recorded at same intervals as well as total period for each replicate and feed conversion ratio (FCR, g feed/g gain) were calculated. Production index (PI) was measured throughout the experimental period (14-49d of age), according to Attia et al. (2012) as follows: -Production index = BW (kg) x SR PP x FCR x 100
Where: BW = Body weight (kg) SR = Survival rate (100% -mortality) PP = Production Period (days) FCR = Feed conversion ratio (kg feed / kg gain) Economical evaluation for all experimental treatments was made as below. Economic efficiency = Total revenue − Total cost Total cost × 100
Where: Total revenue = BW × Meat Price Total cost = Feed cost + Addition cost + Other cost
Relative economic efficiency=(Economic efficiency/control economic efficiency)*100 Apparent digestibility of dry matter (DM), organic matter (OM), crude protein (CP), ether extract (EE) and crude fiber (CF) was done according to (Aggoor et al., 2000) . At 49 d of age, six quail chicks (3 males and 3 females) from each group were slaughtered after 8 hours fasting, processed and the weight of carcass and internal organs were taken and expressed as (%) of live BW. The DM, CP and EE of feed and excrement were determined according to (AOAC, 2004) and expressed on dry matter basis. At slaughtering, six blood samples were collected in tubes from each group. The blood samples were divided into two parts, the 1 st part was collected in heparinized tubes while the 2 nd part was collected in non-heparinized tubes to obtain serum. Plasma and /or serum were separated by centrifugation of the blood at 3000 rpm for 20 minutes and stored at -20°C for later analysis. Blood biochemical constituents were determined using commercial diagnostic kits purchased from Diamond Diagnostic company (23 EL-Montazah St. Heliopolis, Cairo, Egypt) and hematological traits were performed as cited by (ELnaggar et al., 2016) Statistical analysis Data obtained were analyzed using the GLM procedure of Statistical Analysis System (SAS, 2002), using one-way ANOVA as in the following model: Yik= µ+ Ti + eik Where, Y is the dependent variable; µ is the general mean; T is the effect of experimental treatments; and e is the experimental random error. Before analysis, all percentages were subjected to logarithmic transformation (log 10 x+1) to normalize data distribution. The differences among means were determined using Duncan's new multiple range test (Duncan, 1955) . RESULTS Growth performance: Data presented in Table 3 showed the effect of feeding Japanese quails on diets containing different sources of Cr, on the average values of BW, BWG, FI, feed conversion ratio, economical efficiency, production index and viability rate heat stressed quail chicks. Initial BW of quail chicks was similar for all treatments. Chromium supplementation improved BW at 28 and 49 d of age and BWG during periods 14-28, 29-49 and 14-49 d of age of heat stressed quails compared with control group. Moreover, quails fed basal diet supplemented with Cr-Pic had significantly greater BW and BWG followed by those fed basal diet supplemented with Cr-yeast then CrCl3 compared to the control group at same periods. The feed intake and survival rate were numerically higher for the Cr supplementation groups than the control group. However, chicks fed basal diet supplemented with Cr-Pic had significantly better FCR and production index followed by those fed basal diet supplemented with Cr-yeast and CrCl3 compared to the control group during period 14-49 d of age.Organic Cr supplementation improved economical efficiency of Japanese quails during 14-49 day of age compared with other groups. Moreover, Japanese quails fed basal diet supplemented with Cr-Pic had significantly higher relative economic efficiency (142%) followed by those fed basal diet supplemented with Cr-yeast (125%) then CrCl3 (119%) compared to the control group (100%) during 14-49 d of age.
Apparent digestibility of nutrients:
Japanese quails fed diets supplemented with Cr-organic or Cr-inorganic showed significantly greater (P≤0.01) values for dry matter, crude protein, ether extract and crude fiber digestibility than the control group, without significant differences between Cr-sources (Table 4) .
Carcass characteristics:
Effect of different sources of Cr on relative weight of carcass characteristics and body organ at 49 day of age are shown in Table  5 . Basal diet supplemented with both of Cr-organic and Cr-inorganic significantly increased the percentage of carcass weight and decreased abdominal fat compared to control diet (basal diet). However, there were no significant effects of different Cr sources on inner body organs including such as liver, gizzard, heart, spleen, pancreas, proventriculus, intestine length and intestine weight.
Biochemical constituents of plasma:
The blood plasma biochemical parameters of Japanese quails fed diet supplemented with different sources of Cr at 49 day of age are shown in Table 6 . Plasma glucose concentration was significantly lower in Japanese quails fed diets with different Cr sources than those fed the control diet. However, Cr-Pic supplementation significantly increased plasma total protein than the control group and CrCl3 without significant differences between Cr-Pic and Cr-Yeast in plasma total protein concentration. There was no significant effect of the different sources of Cr supplementation on blood plasma renal and liver functional parameters including urea, creatinine, urea/ creatinine, ALT, and AST of heat stressed Japanese quails. Basal diet supplemented with both of Crorganic and Cr-inorganic significantly reduced triglycerides, total cholesterol and LDL and increased HDL compared to control diet (basal diet). However, there were no significant effects of different Cr sources on total lipids (Table 6 ). Heat stressed Japanese quails fed basal diet supplemented with organic Cr groups had significantly higher total antioxidant capacity (TAOC) and glutathione (GSH) activity compared with those fed the control diet. In addition, Japanese quails fed basal diet supplemented with different sources of Cr had significantly higher glutathione peroxidase (GPX) activity compared with those fed the control diet. Moreover, Cr-Pic and CrCl3 could significantly increase serum superoxide dismutase (SOD) activity compared with the control (Table 6 ).
Hematological criteria
There was no significant effect of the different sources of Cr supplementation on the hematological criteria and white blood cells and differential leukocytes counts of Japanese quails except Lymphocytes and Heterophile / Lymphocytes ratio. Where, different sources of Cr supplementation significantly increased Lymphocytes and decreased Heterophile /Lymphocytes ratio than the control group without significant differences between different sources of Cr (Table 7) .
DISCUSSION Growth performance:
It is well-known that growth performance and feed efficiency worsen when the ambient temperature exceed the thermo neutral zone (Ensminger et al., 1999) and that a decrease in growth rate is partly the result of a decrease in FI (Hurwitz et al., 1980) . Also, Heat stress increases the secretion of chromium (Anderson, 1994) and thus may increase Cr requirements. In the current study, Cr administration improved the growth performance of Japanese quails chicks variables by increased BWG, FI, improved FCR and similarly decreased mortality rate. Similar to our results, of Cr in broiler diets under HS leads to an improve in BW and FCR (Sahin et al., 2002a and Ebrahimzadeh et al., 2013) and increase FI (Toghyani et al., 2006 and . Sahin et al. (2003) reported that the addition of Cr reduces the negative effects of heat stress on growth and FCR of broiler chickens. Also, Aslanian et al. (2011) found that male broiler fed organic Cr had higher BW than control diet during the finishing (21-42d) phase. Furthermore, Norain et al. (2013) reported that Cr supplementation resulted in a significantly (P<0.05) higher average final live BW, BWG and FCR of Crsupplemented broiler chickens compared to those of control group. Also, Chromium supplementation significantly (P<0.05) increased the BWG, total FI, improved FCR and decreased the mortality rate, when compared with heat-stressed quails (Abdelhady et al. 2017) . Chromium supplementation of broiler diets under HS conditions has improved BWG and FCR in a number of studies (Sands and Smith, 1999; Sahin et al., 2002a and Jahanianand Rasouli,2015) .
Insulin sensitivity decreases with increased corticosterone levels during heat or other types of stress (Zhao et al., 2009) , and may explain the performance responses to Cr in heat stressed birds. Also, the FCR were improved by using Cr-Pic (Sahin et al., 2002a) , CrCl3 (Uyanik et al., 2002) , and Cr-Yeast (Kroliczewska et al., 2004) . Chromium additions significantly improved the growth performance, economical efficiency and production index of broilers (Awad, 2012 ). In the current study, Cr administration improved the nutrient digestibility of Japanese quails chicks. Similarly, Awad (2012) Haq et al. (2018) found that Cr-yeast additions decreased serum glucose levels. Moreover, Aslanian et al. (2011) revealed that addition of Cr methionine decreased glucose levels in blood significantly. Also, Sahin et al. (2002b) showed that inclusion of Cr-Pic in broiler diets decreased glucose and increased insulin levels in plasma. Moreover, serum glucose levels decreased with Cr supplementation in broiler diets (Moeini et al., 2011) . This result is well accepted since Cr stimulates glucose metabolism via potentiates insulin hormone action (Jeejebhoy et al., 1977) . Supplementation of organic Cr in quail diets decreased glucose level in blood (Abdelhady et al. 2017) which is in agreement with (Sahin et al., 2002a; ElHommosany, 2008) who stated that Cr is essential for glucose metabolism and configure glucose tolerance factor, which works with insulin to transfer glucose to cells and increase the use of glucose, therefore, an improvement was found in BWG, FCR and carcass qualities. Inclusion of Cr-Pic or Cr-Yeast into Japanese quail diets resulted in increased total proteins levels in plasma. These data are similar with those found by Sahin et al. (2002b) , Al-Bandr et al. (2010) and AlMashhadani et al. (2010) .The high total protein levels in plasma may be because high protein synthesis and greatly growth rate in the tissues of the organic Cr supplemented groups (Cr-Yeast and CrPic) compared to un-supplemented groups, where anabolism Overridden catabolism of the protein (Sahin et al., 2002a) . There were no significant effects of Cr on plasma albumin level. These data are similar to those found by Al-Bandr et al. (2010) . In the current study, Cr administration significantly reduced triglycerides, cholesterol and LDL and increased HDL. Similarly, Aslanian et al. (2011) observed that addition of Cr organic decreased the cholesterol and LDL levels, whereas HDL levels was increased in blood. Addition of Cr decreased the total cholesterol, LDL cholesterol and triglycerides, and increased HDL cholesterol (Suksombat and Kanchanatawee, 2005; Abdelhady et al., 2017) . The present results showed that Cr source did not affect plasma renal and liver functional parameters as well as total lipids of heat stressed Japanese quails. These data are similar to those found by Mustafa (2007) and Al-Bandr et al. (2010) who revealed that there were no significant effects of Cr on either plasma uric acid or creatinine levels. Different sources of Cr supplementation significantly increased Lymphocytes and decreased Heterophile /Lymphocytes ratio than the control group. In addition, there was no significant effect of the different sources of Cr supplementation on the hematological criteria and white blood cells. Similar results were reported by Uyanik et al. (2002) who found that heterophil/lymphocyte ratio was reduced, and lymphocyte counts was increased by Cr supplementation. In addition, Toghyani et al. (2007) observed that heterophil to lymphocyte ratios decreased in chickens fed 1000 and 1500 ppb supplemental Cr. Moreover, Norain et al. (2013) found that Cr supplementation resulted in increased lymphocytes and decrease heterophil/lymphocyte ratio of heatstressed chickens. Also, Javed et al. (2003) indicated that non-significant differences between treatments and control groups in Hgb concentration and RBC's were obtained.
Our results have confirmed that adding Cr can improve antioxidant properties of poultry and alleviate oxidative damage caused by HS. In this respect, Li et al. (2018) who found that at 14 th day dietary supplementation of Cr could significantly decrease serum MDA level compared with HS group. At 21 th day, serum SOD levels in Cr-Pic group were significantly higher than those in HS group. Moreover, at 35 th day, adding Cr-Pic tended to alleviate the decrease of serum T-AOC levels caused by HS. Besides, Cr-Pic would remarkable improve serum SOD levels compared to the control. Supplementation of Cr increased the activities of antioxidant enzymes (GSHPx, GSH Rx, and RBCC), revealing that Cr addition gradually reduced oxidative stress with increase in its levels in diet of broiler (Rao et al., 2012) . CONCLUSION It can be concluded that chromium supplementation to diet (either organic or inorganic) had a beneficial effect on productive performance, economical efficiency and production index of Japanese quails. However, Japanese quails fed on diet supplemented with Cr-Pic resulted in the greatest productive performance, economical efficiency and production index followed by those fed basal diet supplemented with Cr-yeast then CrCl3. 
